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A detailed version of this map, at a scale 
of 1 inch = about 8 miles, also is available. 
This more detailed map provides data on 
discovery date, depth, and producing hori-
zon of individual pools, and stratigraphy. 
Natural gas and liquid petroleum storage 
areas in Ohio also are shown. 
O I L  A N D  G A S  F I E L D S  O F  O H I O  
P e t r o l e u m  a n d  n a t u r a l  g a s  a r e  h y d r o c a r b o n s  ( c o m p l e x  
c o m p o u n d s  o f  h y d r o g e n  a n d  c a r b o n )  t h a t  a r e  t h o u g h t  b y  
g e o l o g i s t s  t o  b e  c h e m i c a l l y  a l t e r e d  r e m a i n s  o f  l i f e  t h a t  o n c e  
l i v e d  i n  s h a l l o w  c o n t i n e n t a l  s e a s  w h i c h  p e r i o d i c a l l y  c o v e r e d  
t h e  l a n d  s u r f a c e .  T h e  c h e m i c a l  c o n s t i t u e n t s  o f  t h e s e  a n c i e n t  
l i f e  f o r m s  h a v e  u n d e r g o n e  c o m p l e x  a n d  i m p e r f e c t l y  u n d e r -
s t o o d  c h e m i c a l  c h a n g e s  i n  t h e  p r o c e s s  o f  a l t e r a t i o n  t o  
p e t r o l e u m  a n d  n a t u r a l  g a s  a n d  h a v e  a c c u m u l a t e d  i n  t h e  t i n y  
s p a c e s  ( p o r e s )  b e t w e e n  i n d i v i d u a l  g r a i n s  o f  p o r o u s  r o c k s  
s u c h  a s  s a n d s t o n e .  T h e  o i l  a n d  g a s  l a t e r  m o v e d  t h r o u g h  
i n t e r c o n n e c t i o n s  b e t w e e n  a d j a c e n t  p o r e  s p a c e s  a n d  a c c u m u -
l a t e d  i n  e c o n o m i c a l l y  i m p o r t a n t  c o n c e n t r a t i o n s  k n o w n  a s  
" p o o l s . "  P o o l s  a c c u m u l a t e  i n  g e o l o g i c  s t r u c t u r e s  c a l l e d  
" t r a p s . "  P o o l s  o f  h y d r o c a r b o n s  a r e  n o t  u n d e r g r o u n d  l a k e s ,  
a s  t h e  t e r m  m i g h t  i m p l y ,  b u t  s i m p l y  a r e a s  w h e r e  p e t r o l e u m  
a n d / o r  n a t u r a l  g a s  s a t u r a t e  t h e  p o r e  s p a c e s  i n  a  p o r o u s  
s t r a t u m  o f  r o c k ,  t e r m e d  t h e  " r e s e r v o i r . "  T h e  a c c u m u l a t i o n  
o f  o i l  a n d  g a s  i s  a i d e d  w h e n  t h e  r e s e r v o i r  r o c k  i n  a  t r a p  i s  
c a p p e d  b y  a n  i m p e r m e a b l e  l a y e r  o f  r o c k ,  o r  " c a p  r o c k , "  
w h i c h  p r e v e n t s  f u r t h e r  m o v e m e n t  o f  t h e  h y d r o c a r b o n s .  
P e t r o l e u m  t r a p s  a r e  o f  m a n y  v a r i e t i e s  a n d  a r e  a  p r i n c i p a l  
c o n c e r n  o f  t h e  p e t r o l e u m  g e o l o g i s t  i n v o l v e d  i n  e x p l o r a t i o n .  
H y d r o c a r b o n  a c c u m u l a t i o n s  m a y  o c c u r  a t  o r  n e a r  t h e  
s u r f a c e  o r  a t  d e p t h s  o f  s e v e r a l  t h o u s a n d s  o f  f e e t .  S u b s u r f a c e  
a c c u m u l a t i o n s  m a y  g i v e  n o  s u r f a c e  i n d i c a t i o n  o f  t h e i r  
e x i s t e n c e .  T h e  p e t r o l e u m  g e o l o g i s t  p r e p a r e s  m a p s  d e p i c t i n g  
t h e  t h i c k n e s s  a n d  s t r u c t u r e  o f  v a r i o u s  r o c k  s t r a t a  i n  o r d e r  t o  
d e t e r m i n e  t h e  p o s s i b l e  p r e s e n c e  o f  h y d r o c a r b o n  t r a p s .  T h e s e  
m a p s  a r e  p r e p a r e d  f r o m  i n f o r m a t i o n  r e c o r d e d  d u r i n g  t h e  
d r i l l i n g  o f  o i l  a n d  g a s  w e l l s .  T h e s e  r e c o r d s  a r e  k e p t  o n  f i l e  a t  
t h e  O h i o  D e p a r t m e n t  o f  N a t u r a l  R e s o u r c e s ,  D i v i s i o n  o f  
G e o l o g i c a l  S u r v e y .  A d d i t i o n a l  d a t a  a r e  o b t a i n e d  f r o m  h i g h l y  
s o p h i s t i c a t e d  r e s e a r c h  d e v i c e s  k n o w n  a s  b o r e h o l e  g e o p h y s i -
c a l  l o g s  a n d  f r o m  s u r f a c e  g e o p h y s i c a l  s u r v e y s .  T h e  t h i c k n e s s  
a n d  s t r u c t u r a l  a t t i t u d e  o f  p o t e n t i a l  h y d r o c a r b o n  r e s e r v o i r s  
c a n  b e  i n f e r r e d  f r o m  t h e s e  d a t a .  T h r o u g h  u s e  o f  s u c h  d a t a  
a n d  o t h e r  i n f o r m a t i o n ,  t h e  p e t r o l e u m  g e o l o g i s t  c a n  d e -
t e r m i n e  t h e  m o s t  p r o m i s i n g  a r e a s  i n  w h i c h  t o  d r i l l  o i l  a n d  
g a s  w e l l s .  T h e  g r e a t  e x p e n s e  o f  e a c h  i n d i v i d u a l  w e l l  r e q u i r e s  
t h a t  e x p l o r a t i o n  b e  d o n e  s c i e n t i f i c a l l y  a n d  w i t h  a  m i n i m u m  
a m o u n t  o f  " g u e s s i n g . "  
T h e  O i l  a n d  G a s  F i e l d s  o f  O h i o  m a p  d e p i c t s  t h e  l o c a t i o n  
o f  a r e a s  w i t h i n  t h e  s t a t e  t h a t  a r e  c u r r e n t l y  o r  h a v e  i n  t h e  
p a s t  p r o d u c e d  o i l  ( g r e e n )  a n d  n a t u r a l  g a s  ( r e d ) .  H y d r o -
c a r b o n s  h a v e  b e e n  p r o d u c e d  f r o m  d i f f e r e n t  g e o l o g i c  u n i t s  i n  
v a r i o u s  a r e a s ,  a n d  i n  s o m e  a r e a s  f r o m  m o r e  t h a n  o n e  u n i t ;  
i n d e e d ,  p e t r o l e u m  a n d  n a t u r a l  g a s  h a v e  b e e n  p r o d u c e d  i n  
c o m m e r c i a l  q u a n t i t i e s  f r o m  n e a r l y  e v e r y  g e o l o g i c  s y s t e m  
w i t h i n  t h e  s t a t e ,  a l t h o u g h  e a c h  s y s t e m  h a s  n o t  n e c e s s a r i l y  
p r o d u c e d  o i l  a n d  n a t u r a l  g a s  t h r o u g h o u t  t h e  s t a t e .  T h e  o i l  
a n d  g a s  f i e l d s  i n  t h e  n o r t h w e s t e r n  p o r t i o n  o f  t h e  s t a t e ,  f o r  
i n s t a n c e ,  w e r e  t h e  s i t e  o f  p r o d u c t i o n  i n  t h e  l a t e  1 8 0 0 ' s  
( b e g i n n i n g  i n  1 8 8 4 )  f r o m  t h e  T r e n t o n  F o r m a t i o n  o f  
O r d o v i c i a n  a g e .  T h i s  f i e l d  i s  n o w  l a r g e l y  i n a c t i v e .  N o r t h -
c e n t r a l  O h i o ,  p r i n c i p a l l y  M o r r o w  C o u n t y ,  w a s  t h e  s i t e  o f  o i l  
p r o d u c t i o n  i n  t h e  1 9 6 0 ' s  f r o m  t h e  K n o x  D o l o m i t e  ( T r e m -
p e a l e a u )  o f  C a m b r i a n - O r d o v i c i a n  a g e .  O i l  a n d  g a s  h a v e  b e e n  
p r o d u c e d  i n  s o u t h e a s t e r n  O h i o  f r o m  c o m p a r a t i v e l y  s h a l l o w  
s a n d s t o n e s  o f  M i s s i s s i p p i a n  a n d  P e n n s y l v a n i a n  a g e .  T h e  
n o r t h - s o u t h  t r e n d  o f  o i l  a n d  g a s  f i e l d s  i n  t h e  e a s t - c e n t r a l  p a r t  
o f  t h e  s t a t e  r e p r e s e n t s  p r o d u c t i o n  p r i n c i p a l l y  f r o m  t h e  
" C l i n t o n "  s a n d s t o n e  o f  S i l u r i a n  a g e .  A b o u t  8 0 %  o f  t h e  w e l l s  
d r i l l e d  i n  O h i o  i n  1 9 7 7  w e r e  c o m p l e t e d  i n  t h e  " C l i n t o n "  
s a n d s t o n e .  M a n y  o t h e r  u n i t s  h a v e  p r o d u c e d  o i l  a n d  g a s  i n  
t h e  e a s t e r n  h a l f  o f  t h e  s t a t e .  
O h i o  i s  n o t  a  l e a d i n g  p r o d u c e r  o f  e i t h e r  p e t r o l e u m  o r  
n a t u r a l  g a s ;  h o w e v e r ,  i n  t h e  l a t e  1 8 0 0 ' s  O h i o  w a s  t h e  l e a d i n g  
a r e a  i n  t h e  w o r l d  i n  p r o d u c t i o n  o f  t h e s e  f u e l s ,  p r i n c i p a l l y  
f r o m  d i s c o v e r i e s  i n  t h e  T r e n t o n  F o r m a t i o n  i n  n o r t h w e s t e r n  
O h i o .  T h e  s t a t e  m a y  b e  a b l e  t o  r a y  c l a i m  t o  t h e  f i r s t  o i l  w e l l  
i n  t h e  U n i t e d  S t a t e s ,  d r i l l e d  i n  1 8 1 4  i n  N o b l e  C o u n t y  i n  
s e a r c h  o f  s a l t ,  a l t h o u g h  C o l o n e l  D r a k e ' s  f a m o u s  w e l l  d r i l l e d  
a t  T i t u s v i l l e ,  P e n n s y l v a n i a ,  i n  1 8 5 9  r a n k s  a s  t h e  f i r s t  w e l l  
d r i l l e d  s p e c i f i c a l l y  f o r  o i l .  C o m m e r c i a l  d r i l l i n g  o f  o i l  a n d  g a s  
w e l l s  b e g a n  i n  O h i o  s o o n  a f t e r  D r a k e ' s  d i s c o v e r y ,  p o s s i b l y  a s  
e a r l y  a s  1 8 5 9 ,  a n d  b y  1 8 6 0  w a s  a  f u l l - s c a l e  e n t e r p r i s e ,  w h i c h  
c o n t i n u e s  t o  t h e  p r e s e n t .  L a r g e  d i s c o v e r i e s  o f  n a t u r a l  g a s  i n  
t h e  s t a t e  g a v e  r i s e  t o  n u m e r o u s  i n d u s t r i e s ,  m a n y  o f  w h i c h  
a r e  s t i l l  a c t i v e .  
S h o r t a g e s  o f  h y d r o c a r b o n s  i n  r e c e n t  y e a r s  h a v e  s p u r r e d  
d r i l l i n g  a c t i v i t i e s  i n  O h i o ;  i n  1 9 7 7  m o r e  t h a n  2 , 5 0 0  n e w  
w e l l s  w e r e  d r i l l e d .  P r o d u c t i o n  f r o m  a c t i v e  o i l  a n d  g a s  w e l l s  
i n  t h e  s t a t e  i n  1 9 7 7  w a s  v a l u e d  a t  m o r e  t h a n  $ 2 7 5  m i l l i o n  
p e r  y e a r ;  s l i g h t l y  o v e r  h a l f  o f  t h e  v a l u e  i s  f r o m  g a s .  O i l  a n d  
g a s  p r o d u c t i o n  i n  O h i o  i s  o f  m u c h  a s s i s t a n c e  i n  s u p p l e -
m e n t i n g  t h e  s u p p l i e s  o f  e n e r g y  t o  O h i o ' s  i n d u s t r i e s .  
T h e  O h i o  D e p a r t m e n t  o f  N a t u r a l  R e s o u r c e s ,  D i v i s i o n  
o f  G e o l o g i c a l  S u r v e y ,  i n  c o o p e r a t i o n  w i t h  t h e  U . S .  
D e p a r t m e n t  o f  E n e r g y  a n d  o t h e r  a g e n c i e s ,  h a s  b e g u n  a n  
i n t e n s i v e  e x a m i n a t i o n  o f  t h e  g e o l o g y  o f  t h e  s h a l e s  o f  
D e v o n i a n  a g e  i n  t h e  e a s t e r n  h a l f  o f  t h e  s t a t e .  T h e  o b j e c t i v e  
o f  t h i s  p r o j e c t  i s  t o  f i n d  w a y s  t o  e x t r a c t  t h e  l a r g e  
q u a n t i t i e s  o f  n a t u r a l  g a s  k n o w n  t o  b e  c o n t a i n e d  i n  t h i s  
s h a l e .  A l t h o u g h  t h e  e x i s t e n c e  o f  g a s  i n  t h e  O h i o  S h a l e  h a s  
b e e n  k n o w n  f o r  m a n y  y e a r s ,  i t  h a s  b e e n  e c o n o m i c a l l y  
f e a s i b l e  t o  e x t r a c t  i t  o n l y  i n  l i m i t e d  a r e a s  b e c a u s e ,  i n  m o s t  
a r e a s  o f  t h e  s t a t e ,  t h e  g a s  c a n n o t  m o v e  r e a d i l y  t h r o u g h  t h e  
p o r e  s p a c e s  i n  t h e  s h a l e .  U t i l i z a t i o n  o f  d e t a i l e d  k n o w l e d g e  
o f  t h e  D e v o n i a n - a g e  s h a l e s ,  i n  c o n j u n c t i o n  w i t h  t e c h n i q u e s  
o f  a r t i f i c a l l y  c r e a t i n g  f r a c t u r e s  t h r o u g h  w h i c h  g a s  c a n  
m i g r a t e  t o  t h e  w e l l  b o r e ,  m a y  o p e n  a  n e w  c h a p t e r  i n  
p r o d u c t i o n  o f  n a t u r a l  g a s  i n  O h i o .  
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INTRODUCTION 
Ohio has long been an active producer of oil and nat-
ural gas. Since the late 1800's, there has been almost con-
tinual drilling and producing activity. The drastic increase 
in the world price of oil in 1973, coupled with increased 
production of the "Clinton" Sands (Silurian), has made Ohio 
the fifth largest oil producing state in the USA (and fifth 
to some rather formidable contenders the likes of Texas, Ok-
lahoma, Louisiana and Kansas) (AAPG Bulletin, October, 1981). 
About 73% of the new wells drilled here in 1980 were 
"Clinton" wells (AAPG Bulletin, October, 1981). However, 
most of the remaining wells were drilled to a lesser known, 
but prolific, lower Mississippian formation -- the Berea 
Sand. Berea oil exploitation has taken place mainly in the 
southeastern part of the state. Being much shallower than 
the "Clinton", the Berea was one of the first oil sands to 
be explored in Ohio. Thousands of wells have been produced 
since the turn of the century, and many of the old Berea 
fields once thought to be "played out" are now being given 
a closer look by oilmen. 
Belmont and Monroe Counties, Ohio were once areas of 
active Berea production. They are located along the Ohio 
River between the cities of Steubenville and Marietta (Fig-
ure 2). Although this area was never a leading producer, 
it has had steady production since the 1890's. The period 
1 
• 
• 
Study Area 
Extent of Berea Sand 
• Fig. 2 Map showing location of study area and extent of subsurface 
Berea Sandstone. 2 
• 
• 
• 
of most active drilling was between 1890 and 1930 (Berryhill, 
1963). New wells are drilled here each year with moderate 
success. 
Even though this area has been explored, it is the be-
lief of the author that there are remaining commercial quan-
tities of oil and gas in the Berea and other formations. 
Most of the known gas and oil pools were produced more than 
fifty years ago with crude production techniques. Geologists 
with Ohio independent oil companies reported to the author 
as much as 90+% of the oil is left in the producing formation 
with old recovery techniques. Thus, even if few new pools 
are to be found, the older Berea fields are worthy of re-
working. Modern "hydrofracing" techniques can boost recovery 
by several percent, and renew production on wells thought to 
have been exhausted. 
While conducting this investigation at the Ohio Division 
of Geological Survey, the author met several geologists who 
were conducting studies on the same areas for Ohio indepen-
dents. This is an indication that the Belmont-Monroe Coun-
ties area is still interesting to commercial oil producers 
and that activity will continue. The competition for oil and 
gas leases in Ohio has become fierce. There are no more 
"easy" claims, and independents must now use more scientific 
exploration techniques. (The old school was to drill wher-
ever there was a lease or a pipeline.) Also, a report has 
been submitted to the Department of Energy by the State of 
3 
• 
• 
• 
Ohio in order to gain "tight" sand designation for the 
Berea. Independents can receive increased prices for nat-
ural gas produced from "tight" formations. Tight sands is 
a DOE classification for a sand of a restricted thickness 
and reduced porosity from which production is more difficult 
and costlier . 
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PURPOSE OF STUDY 
The aim of this thesis is to investigate oil and gas 
production in the Berea Sand, and to study the method of 
hydrocarbon entrapment within the Berea in parts of Belmont 
and Monroe Counties, Ohio. The author will characterize 
the conditions which have been favorable for oil and gas 
entrapment and make conjectures on areas and horizons other 
than Berea which may contain hydrocarbons. 
The best method to accomplish this is by means of a 
subsurface study. Several geologists have conducted such 
studies prior to the present author, most notably Pepper, 
DeWitt, and Demarest. Their work was so exhaustive that it 
has remained unchallenged for almost thirty years . 
The study conducted by Pepper et al. on the Berea Sand-
stone was done on a regional scale, encompassing parts of 
eastern Ohio, western Pennsylvania, eastern Kentucky and 
West Virginia. These authors produced a regional isopach 
map of the Berea, but without the benefit of Radioactivity 
Well Logs. 
A portion of this appears in Figure 3. My subsurface 
study is conducted in a smaller area and utilizing as many 
Radioactivity Logs as are available. This newer well logging 
technique produces well data which is more accurate than the 
old driller's logs. It is the intention of this author to 
more precisely map the Berea Sand in the study area and in-
vestigate the hydrocarbon entrapment via the new data . 
5 
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Fig.3 
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Belmont County 
Monroe County 
I 
I 
I 
A Portion of the lsopach Map of the Berea Sandstone by Pepper et al, 1954. 
Contour Interval - five feet. 
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This study utilizes more than sixty gamma ray and neu-
tron density logs as well as over seventy-five supplemental 
driller's logs. The aforementioned are on file at the Ohio 
Division of Geological Survey at Fountain Square, Columbus, 
Ohio. Also in the study from these files are core descrip-
tions to characterize the lithology of Berea formation. The 
above data is combined to prepare a detailed isopach map of 
the Berea in the study area (see Plate I). A cross section 
is also included to illustrate changes in the "Sand" in the 
study area. Also, a structure-contour map of the Berea 
Sandstone recently prepared by John D. Gray of the Ohio Div-
ision of Geological Survey, is included (see Plate II). A 
general description of the Berea precedes the discussion of 
the hydrocarbon entrapment . 
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STRATIGRAPHY 
The Berea Sandstone was first named and described by 
J.S. Newberry in 1870 after the great sandstone quarries at 
the type locality of Berea, Ohio. It is an early Mississip-
pian formation in the Waverly Series. It is a persistant 
sand which occurs in much of eastern Ohio, western Pennsyl-
vania, eastern Kentucky and West Virginia. It is described 
by Pepper et al. as a "medium to fine grained, gray, clay-
bo.nded quartz sandstone". The Berea is bounded stratigraph-
ically by shale; the Bedford below and the Sunbury above 
(Figure 4). 
The Berea is recognized as having three phases (DeWitt, 
1951). The first and oldest being the massive medium grain-
ed sandstone which fills channels scoured into the Bedford 
Shale. DeWitt (1951) reports the sandstone as "finely lam-
inated, showing crossbedding, containing flattened pebbles 
and pyritic cement." Correlation of this phase to the strat-
igraphically similar Cussewago Sandstone by Prosser in 1912 
was erroneous due to differences in petrography and deposi-
tion direction (DeWitt, 1951). 
The second phase is a "sheet" sand about twenty-five 
feet thick throughout Ohio. It is a fluvitile sand contain-
ing crossbedding and stream scours deposited prior to inun-
dation of the region by the sea. 
The third phase is a stage of deposition occurring after 
a major transgression of the sea into Ohio. This sand is 
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five to twenty-five feet thick containing abundant ripple 
marks resulting from currents and waves in the shallows of 
Ohio Bay. 
The Berea Sandstone feathers out to the southeast (zero 
isopach thickness line approximately follows the Ohio River; 
see Plate I). The sediments in the study area are mostly 
siltstones and very fine grained sandstones spread along the 
eastern shore of the Bay. In the study area, the Berea 
ranges in thickness from zero to over thirty feet. It is 
primarily siltstone containing lenses of fine grained sand-
stone which we will later discuss as a reservoir for oil and 
gas . 
11 
j--
1 
N
 
•
 
•
•
 
'~
·
~
 
.
.
.
.
 
-
·
-
,
.
_
.
 i I 
.
 
PA
. 
i 
O
 
fjfT~!
I\IRC
i" 
I .
 
~ 
.
,
·
\r.
 .. ~
·
 
~ 
:;i
~
r.u.? 
~
A.
"tS
11
i.:. 
~~"
~'~;
 X
t 
.
 
"
"
-~
~
,;-,
." 
/;1
r· 
·
,
·
-
~-~
 l>ISA'
:'1 
.
 
ll. 
~ 'e
1J
lu<
::O
UP
.G
v•'
 
_
.
.
i 
t"' 
lJ;:
 \~f.
:, 
·
-
.
:"
\.J
h'
 w
.,.
Vt
 
I 
/~f"
·· 
0
C:
IIN
U.
CS
TO
:t 
•
J 
K
~ 
•
 
' 
5C
A
l.t
 o
, 
~
1l
[$
 
\ 
/ 
B 
~
'
 
·
~
 
t 
g'
 
I 
~
..
-·
1. 
_
,..
.,,
.·"
 
~
"
 
,
 
-
·
~
 
·~
:il 
.
.
.
 
CI
NC
,,
<l
<A
TI 
AN
TI
CL
IN
E 
I ~ 
"
'"
'
 
! 
·
·
-
·
·
·
 
-
·
s
-·
 
~ 
~ 
Sc
.A 
~
.
 
!A
 
!
I
 
' 
,
;'
 
LE
VC
I.. 
o
-
-
.
.
.
.
.
 .
=
:.
1_
 ~
-
,-
-
·
·
r-
-
-
_
; 
"
l.tt
~~
G 
i .. ,
<
 
1 
t--=
7· --=
,-
tf:::
::::;
j::::::
-:::,..
....:~
;t~
~
~
~
~
ltl1
 
·
:m
-
:,
,
·
~
-
;-1
 
.
.
 
~ ....
.
.
 
~
 
.
.
.
.
.
.
.
.
 
)'.. 
.
 .
 .
 .
 •
 .. .
 .
. 
.
 .
 
.
 
-
-
;--·
 
j -=
l::
l::
--+
 
~ 
•
20
,~
--
--
-~
~·
· 
!.',
/..
G
N
f.
SI
A
.;i
ue
m
m
a 
:
~
 
.
,:,.
 _
:::
:_
::;.
:;,F
f!i}F
o~;~
,;'t
~
~
M,J
,~
,;.;;
:~·
· · 
,.
 
=
 
~
 
,
,
.
,
,
.
.
,
,
.
,
 
6y
 
'l::"
:.:;~
:::r
t:."
't! 
~
 
"5 ~ 
"
'40
00
 
·
~
CG
Q 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
_
:
-
.
.
.
 
_
_
 ;.
_
 
_
_
 
_
:
:
:
~
 
•
"
00
 -
-
-
-
-
-
·
-
-
-
-
~
-
-
·
-
-
-
-
-
-
-
-
-
-
-
-
~
-
-
-
-
-
-
.
.
.
.
,.
._
..
..
..
-
-
.
 
·~
ce
o 
•
 ..
.
.
.
.
.
.
_
_
_
.
 .
.
.
.
.
.
 .
.
, .
.
.
.
 _
_
_
_
_
_
_
_
_
_
_
_
 .
 
·
t~
 -
-
-
-
-
-
-
-
-
-
·
 
·
-
-
-
-
-
-
-
.
.
.
.
.
.
.
.
,_
 -
··
~
·
-
.
.
.
.
.
.
 -
.
.
-
-
-
-
-
-
-
,
,
:
:
~
-
-
-
_
.
:
.
_
_
_
;
_
_
 _
 
_
.
:.
_
 _
_
_
 _
_
:_
. 
GE
OL
OG
IC
 C
RO
SS
 S
EC
TI
ON
 
TH
RU
 O
HI
O 
& 
W
ES
T 
VI
RG
HH
A 
On
 L
ine
 A
-B
 
Ap
pr
ox
im
at
e 
Di
sta
nc
e 
33
0 M
ile
s 
-
LE
G
EN
D
-
~
 L
im
es
ton
e 
.
.
.
,.
._
 
1"
 
Pr
od
uc
in
g 
So
nd
 
•
 
'-
·
 
,
-
-
.
.
.
 
·
 
.
.
 -
.
.
.
 
Br
ok
en
 Li
ne
s 
Ind
ica
te 
~ 
' 
·
 
.
.
.
 _
.
.
 
' 
Es
tim
a
te
d 
De
pt
hs
 
AL
LE
:G
!11
::~
Y 
FR
OS
T 
"
 1 "
 6 .!?
 
.
F.
 
Se
ale
-
o
f 
M
ilr
.c
 
o
 
10
 
10
 
:-
-.
.-
-i
--
--
-·4
o,~
 
.
.
:.
.-
.,
!-
-1
--
--
~
. !:i
~o,
 
.
-
-
+
-
:J
i-
--
--
--
c
.m
 
-
-
-
-
-
-
,
,
~
co 
,
~
-
,
:.
~
--
--
--
--
··
·•
''eo
 
,,
,.
~
)t -
·
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
·
-
-
-
-
-
·
 
•
"
-
-
-
-
-
-
-
-
-
-
-
·
1\00
f 
·
"·
"
°
'-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
:
:
:
·
·
 
_
_
_
_
_
 
_
J
 
-
:~
 ..... -
-
-
-
-
-
-
-
-
-
-
-
·
•
ff,,
:t I 
.
;i
,~
 
-
-
-
.
.
 ·
-
-
-
,
 
,
r:.~
:t 
:1
,
 
Fi
gu
re
 
6.
 
• 
• 
• 
SEDIMENTATION AND PALEOGEOGRAPHY 
During the mid Paleozoic era, the midwest was covered 
by a shallow epicontinental sea. In Berea time, the sea 
portion covering much of Ohio was a bay named Ohio B:ay. by 
Pepper et al. (1954). It formed the Ohio Basin, bounded on 
the west by a long peninsula called Cincinnatia, and to the 
east by the Appalachian Highlands. Pepper et al., recogniz-
ed three major rivers contributing sediment to the Bay, the 
Ontario, the Gay-Fink and the Cabin Creek. The series of 
paleogeographic maps illustrate the area and the changes 
occurring through Berea time (Figures 7, 8, 9 and 10). 
The bulk of Berea Sediments were derived from a north-
ern source. The Ontario River carried sand and silt into 
Ohio Bay forming the great "bird's foot" Berea Delta (an-
alagous to the present Mississippi Delta). However, the 
Berea Sand in the study area was derived from an eastern 
source, smaller than the great Ontario River - the Gay-Fink 
Channel (Petter et al., 1954). The Gay-Fink spilled fine 
sediments into Ohio Bay where marine currents carried them 
northward. Pepper discovered that the boundary between the 
eastern source Berea and the northern source Berea sediments 
coincides very closely with the boundary of Pennsylvania 
Grade (eastern source) and Corning Grade (northern source) 
oil production in the Berea. Oil "grade" refers to the 
specific gravity and characteristic constituent hydrocarbons 
of crude oil. 
13 
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The northern source for Berea sediment was the Acadian 
highlands in eastern Canada. The Berea of the study area 
may well have been derived from Tuscarora or Oriskany Sands 
to the east. 
The paleogeography of Ohio Bay and its fluctuations 
from Bedford to the end of Berea time, records transgression, 
regression, subsidence and great sedimentation. The large 
amount of sand and silt being brought into Ohio Bay caused a 
slow subsidence to the area. The Bay was being filled fast-
er than it was sinking, causing an apparent regressive se-
quence. The region experienced this regression during early 
Bedford time, followed by a gradual transgression from late 
Bedford time through the close of Berea time. If not for 
this gradual rise in sea level, Ohio Bay would have quickly 
become dry land. This great bay of Bedford and Berea time 
began and ended in a state of submergence; but not before 
many land forms had been created and partly destroyed leav-
ing their mark in the rock record (Pepper et al., 1954). 
In middle Berea time, the epicontinental sea over North 
America was enlarging. Only the Berea delta was advancing 
as the islands of Cincinnatia and the rest of the shoreline 
wern being inundated. Sedimentation was vigorous but subsi-
dence was moderate, so Ohio Bay probably never exceeded 100 
feet of depth (Pepper et al., 1954). The wind-wave action 
produced widespread oscillation ripple marks in the shallow 
areas. The water depth in the study area was probably 
18 
deeper than most of the bay accounting for the fineness of 
the sediments found there today. 
The end of Berea time was a period of decreased sedi-
mentation, continued subsidence and flooding. The eastern 
shoreline was moved still further east by the transgressing 
sea. The extensive upper Berea sheet sand was deposited 
during this time. Within the enlargening and deepening bay, 
marine currents reworked the existing sediments producing 
the massive siltstone and fine sandstone found in the south-
eastern part of Ohio. 
This transgression continued and by Sunbury time, the 
sea had covered all of Ohio a~d parts of Pennsylvania, West 
Virginia and Kentucky. Sedimentation was slight. The cli-
mate was mild and marine organisms fluorished. The result 
was a thick black mud covering the Berea Sediments forming 
what we now know as the Sunbury Shale. 
19 
GEOLOGIC CONDITIONS AFFECTING ACCUMULATION OF 
GAS AND OIL 
It is well known that oil and natural gas migrate from 
a source rock until suitable conditions to accumulate is en-
countered, or where a barrier is reached. Such a situation 
constitutes a "trap". Three primary characteristics of the 
host rock affecting accumulations are: 1) porosity, 2) sat-
uration, and 3) structure (Griswold, 1908). 
Oil and gas bearing strata are usually sandstone, lime-
stone or dolomite, or occasionally shale. The porosity, 
vital to migration and accumulation, varies within a stratum 
with degree of cementation, tightness of grain arrangement, 
grain size uniformity and roundness, and the matrix of the 
grains. The Berea sand of the study area, as stated earlier 
in this report, is a very fine sandstone or siltstone with 
lenses of medium grained porous sand -- ideal for oil and gas 
accumulation. 
The saturation and structure of a formation is as vital 
to accumulation as well as migration. In saturated porous 
strata, oil and gas will be buoyed upward due to their spe-
cific gravities being less than water. Quite often, this 
water is saline. In unsaturated strata, oil will tend to 
seep downward under the force of gravity, providing it can 
overcome friction and capillary attraction. Structure plays 
an important role in accumulation. Within saturated strata, 
20 
the oil and gas will occupy the crests of anticlines, tops 
of domes or other structural highs (see Figure 11). 
21 
Pore space filled 
with salt water 
gas 
Fig.11 Diagram of oil and gas migration and accumulation in a 
completely saturated formation. 
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OIL AND GAS IN THE BEREA 
The Berea Sand in the study area has been proven to be 
a good reservoir rock for oil and gas. The author has col-
lected the following information about the conditions in 
the Berea in the study area. The porosity of the pay zones 
is reported by Manger (1963) to be as follows: minimum por-
osity, 4.7%; maximum porosity, 17.1%; average porosity, 11.1%; 
water saturation, 60%; gas and oil saturation, 40%. This is 
an acceptable level and agrees closely with the values the 
author found with the neutron/porosity logs (see Figure 12). 
The logs used in this report illustrated this basic 
pattern: the Sunbury Shale section above the Berea exhibit-
ing high radioactivity (gannna ray), density and low porosity 
(neutron curve); the Berea "kick" showing reduced gannna ray, 
density and increased porosity, followed by the underlying 
Bedford shale exhibiting similar readings to the Sunbury ex-
cept lower radioactivity. Occasionally, the Berea showed a 
short (less than one foot) break in the gamma ray, suggest-
ing presence of a shale lense. 
The saturation has been found to be practically com-
plete. Driller's logs report the connate water to be very 
saline. Though the saturation is complete, some drillers 
report very little or no water in formation. This is prob-
ably due to extreme "tightness" of the finer Berea sediments 
causing a low permeability. The water is trapped in the 
23 
Fig.12 Sample Radioactivity Well Log- showing a typical 
Berea Sand signature. 
·Gama Ray 
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---~· 
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ground level 
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Neutron Porosity 
pore space and cannot flow. Griswold reports the Berea as 
saturated to an elevation 270 to 280 feet below sea level. 
He goes on to state, "this is higher than any portion of 
the sand" (in the area). Furthermore, "under these condi-
tions, the oil should accumulate just below the gas on the 
crest of the anticlinal ridges and upon terraces at the top 
of steep breaks." 
The structure in the study area is far from complicat-
ed compared to other oil producing areas. It is actually 
rather monotonous, showing little change over miles and miles. 
The strata dips southeasterly a rate of about 20 feet per mile. 
This is illustrated by1he structure-contour map (Plate II). 
This slope, though apparently uniform, is riddled with minor 
wrinkles which form anticlines and synclines. One dome-
like feature can be seen in Malaga Township. It is unfor-
tunate that the lack of sufficient well control prohibits a 
structure contour map on a smaller scale. However, insig-
nificant these structures are on a regional scale, they are 
extremely influential in the accumulation of oil and gas. 
The isopach map (Plate I) of this study follows roughly 
with the map by Pepper et al. A general thinning to the 
east, thickening to the northwest. The thickest Berea lies 
in the central portion of Belmont County where is exceeds 
twenty-five feet, the average thickness being ten to fifteen 
feet. The thickness does not seem to have much affect upon 
the presence of oil or gas beyond a minimum of five feet. 
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The structure map shows few major structures save a 
small dome-like feature in the northwest quarter of Malaga 
Township, Monroe County. The map does illustrate very well 
the monotonous slight southeasterly dip of the Berea. The 
undulations in the structure contour lines show the slight 
variances in dip forming "noses" in which oil and gas has 
been found. The most notable is.an old pool in the south-
west quarter of Wayne Township, Belmont County, called 
Malaga-Brushy Green-Harper Pools. 
Other old pools in the Berea which relate to structure 
is the Barnesville pool, in west central Warren Township, 
Belmont County. This pool shows oil and gas accumulation 
along a steep slope downdip from a region of low dip, ex-
tending southwest-northeast parallel to strike. Another 
large Berea and Keener. pool is located in sections 17, 18, 
19, 23 and 24 of Center Township, Monroe County. 
As the Berea is a reservoir formation for oil and gas, 
there must be a source rock from which the Bitumen may mi-
grate. Since it may move up or down, we can look at either 
the Bedford or Sunbury shales as source rocks for Berea oil 
and gas. And indeed they may be both contributors, but the 
Sunbury seems to be the more likely. 
The Sunbury shale is a black bituminous shale, about 
twenty-five feet thick on average. From the gamma ray logs, 
the Sunbury shows a higher natural radioactivity than the 
Bedford. This suggests a greater concentration of organic 
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materials which contain the radioactivity. These organics 
will transform into kerogen and may then migrate. This 
transformation tends to create pressure within the source 
rock inducing the bitumen to move to an area of lower pres-
sure, e.g. the Berea sand. This expansion may well have 
been the driving mechanism in the migration of oil and gas 
into the Berea. Fracturing and jointing in the rock provides 
avenues for the oil and gas to move through the shale into 
the somewhat permeable Berea. This migration probably took 
place over the course of at least one million years. The 
source rock for the Berea oil is purely speculative and would 
be an interesting area for further study. 
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CONCLUSIONS 
The existing oil and gas pools in the study area are 
structural and stratigraphic traps. They are primarily 
anticlinal structures, or terraces. The saturation of the 
formation brought the oil and gas to the top of the sand and 
the structural highs allowed it to rise a little higher un-
til the shale above trapped it. 
The discovery of new pools within the Berea seems un-
likely, but further exploration should not be discouraged. 
Ohio independent oil companies drill a few successful wells 
to the Berea each year. Also, there are other horizons which 
have proven to be successful producers such as the Gordon, 
Fourth, Fifth, Keener, and Big Injun sands (see Figure 5). 
Fortunately, a relation between structural undulations in 
the Berea can be established with these other horizons. A 
key to future development of new pools or extensions of ex-
isting pools may very well be a closer look at Berea struc-
ture maps. One outfit has ~rilled successfully to the Gor-
don following a structural high exploited first as a Berea 
field in Wayne Township, Belmont County. 
Condit (1915) noted close, but not exact, coincidence 
of undulations found in the Pittsburgh coal to those in the 
Berea. He states that with appropriate well control, cor-
rections could be made to more precisely map the Berea with 
the aid of Pittsburgh coal maps in some areas. With further 
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study, perhaps a similar study could be made to infer 
structures and potential traps in stratigraphically lower 
sands. 
With no end in sight to the world's demand for natural 
gas and oil, exploration of new potential areas -- offshore 
and deep inland will be exploited. There will be a time, 
however, when exploring these far reaches of the earth will 
no longer be profitable. Then, equipped with new technology, 
producers will come back to areas like southeast Ohio to re-
work the old Berea fields. Some day science will develop 
better recovery techniques to allow commercial oil production 
to continue in southeastern Ohio. 
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APPENDIX A 
Data from Radioactivity Logs Used in 
Preparing Isopach Map of Berea 
Permit fl County Township Section Thickness of Depth of Berea Below 
Berea (feet) Mean Sea Level (feet) 
281 Belmont Goshen 3 20 714 
279 Goshen 28 20 638 
277 Mead 21 7 657 
298 Smith 22 22 N/A 
? Smith 8 15 835 
334 Somerset 1 12 722 
396 Somerset 2 N/A N/A 
374 Somerset 8 8 745 
350 Somerset 12 15 631 
275 Somerset 13 7 733 
319 Somerset 13 14 744 
357 Somerset 13 10 714 
322 Somerset 26 9 660 
360 Somerset 32 9 649 
375 Somerset 14 10 N/A 
330 Warren 10 12 600 
432 Wayne 16 20 N/A 
352 Wayne 26 18 735 
370 Wayne 26 13 754 
431 Wayne 20 16 N/A 
293 Wayne 14 11 821 
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Permit II County Township Section Thickness of Depth of Berea Below 
Berea (feet) Mean Sea Level (feet) 
433 Belmont Wayne 25 20 N/A 
371 Wayne 31 12 772 
239 Wayne 31 12 N/A 
2006 Monroe Malaga 5 7 802 
2059 Malaga 5 9 840 
1941 Malaga 6 9 876 
1995 Malaga 9 5 805 
1984 Malaga 10 8 808 
2246 Malaga 10 8 741 
2247 Malaga 10 13 791 
1895 Malaga 11 7 775 
2131 Malaga 16 9 745 
2089 Malaga 17 8 732 
2120 Malaga 18 9 766 
1936 Malaga 21 12 649 
2072 Malaga 21 10 766 
1959 Malaga 23 8 718 
1960 Malaga 23 6 718 
2205 Malaga 27 6 735 
2057 Malaga 28 10 842 
1336 Adams 25 12 1021 
434-A Sunsbury N/A 17 879 
2596 Center 5 12 N/A 
2452 Center 8 5 N/A 
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Permit If County Township Section Thickness of Depth of Berea Below 
Berea (feet) Mean Sea Level (feet) 
2445 Monroe Center 25 10 N/A 
2049 Center N/A 10 
2091 Seneca 6 12 622 
1996 Seneca 10 8 682 
2002 Seneca 22 6 622 
1879 Summit 5 6 750 
1980 Summit 18 11 884 
2018 Summit 19 5 844 
1999 Summit 20 5 791 
2079 Summit 25 7 784 
2080 Summit 25 8 770 
2163 Summit 25 8 793 
2164 Summit 25 7 778 
1972 Summit 36 9 754 
2000 Switzerland 17 18 490 
1919 Switzerland 28 15 385 
2001 Switzerland N/A N/A N/A 
1745 Switzerland N/A N/A N/A 
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1011 
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1063 
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1132 
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226 
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388 
405 
431 
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a fe.w sand 
970. Ss ~, gray, 
996 Ss., fine t 
frag~ of ·is; 
1005 Ss., fine g 
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1011 Ss., coarse 
siltstone 6 
1018 Ss., coarse 
shale 90% 
1038 Sandstone, g 
some lime bo 
1063 Ss, white., f 
1073 Ss., light b 
1105 Ss., general 
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Same, much p 
Same, some g 
Ss., gray to 
Same; trace 
Ss., gray me 
Sha le., gr
1
ay 
Same, 50% da 
Shale, gray 
Shale, gray 
Sand grs. me 
Chert, gray 
Shale, gray 
Shale., gray 
Shale, gray 
Shale, gray 
Siltstone, g 
black shale 
388- Siltstone, g 
405 Siltstone gr 
431 Shale, gray 
1481 Shale, gray 
,91 Shale, gray 
1535 Shale, gray 
1562 Shale, gray 
578 Same, trace 
588 hale, gray 
Formation 
brownish gray, 
a ins 
arse grained., 
coarse., grain 
pyrite _in lowe 
ined, grain fr 
Top Bottom· Remarks 
dense to fi ely cryst.; 
0% gray ls. 
nded; a. few 
bond, 5%' 
rained, grain ree 4 % wit greenish gray 
_., 
rained:10%, gr stone 
ay to white, e 
d 
ne to coarse, 
ff, med. grain 
y light buff, 
arse bo fine g 
rite, with fra 
ay black· shale 
light buff 
f pyrite 
to fine gr.; 
lack, silty, m 
k gray siltsto e 
la ck mica ce ous 
lack to brown, 
• 40%; shale s 
0%; shale 50% 
lack 70-90%; g 
lack; trace of 
lack 50%; silt 
lack, 60% silt 
ay slightly ca 
ay, 30%; shale, 
y 50%; shale, 
lack 
lack; 5-10% gra 
la ck; 50%; shale 
lack 
lack, micaceous 
f siltstqne 
lack, 50% gray 
grain free; 
e 
agates and 
s1der11 
rk gr y siltstone 
60.% 
tston 10-39% 
one 
ray 5 
0% 
s; tr of gray 
gray black 70% 
ay b~sck 5 /}~ 
bla~~ sil stone 
gray Flack 50.% 
I 
iltstbne 
l 
....... _, ~ . 
..,~-~- .. , 
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Formation 
Pennsylvanian 
;. 6a coal 
No. 6 coal 
No. 5 coal 
Berea sand 
Sandstone 
•• 
Top Bottom Remarks Formation Top Bottom Remarks 
675 
803 
807 
825 
841 
845 
880 
888 
895 
905 
934 
965 
966 
1014 
1024 
1076 
1084 
1ID07 
1110 
1189 
1234 
1295 
1415 
1521 
1530 
663 
687 
874 
886 
940 
002 
014 
027 
042 
286 
299 
312 
343 
353 
365 
395 
412 
803 ed brown an 
807 ed, brown a 
825 ed, brown a 
841 ark gray mi 
greenish gray alca eous sales 
d ?H.sckcs:fl.eles; .. ·.5%sco l fra wilgus? 
ray.shale 
d ·dark calc. sh les 
• sandstone, me ium 
845 ed end brow shale, some cl y 
880 luish;gray aedy, mic. shel 
888 sme, some c al.fr~g 
895 % coal, som ls, ss. 
905 lay, bluish, a few frag of s. 
934 lay, sandy ale, and. thin s. 
965 luish gray ale, and thin s. 
966 ray chelky send shale 
1014 !ed to coars gray ss. 
1024- 0% gray sha , 70% coal 
eined 
1076 hiefly dark icaceous shale a 11 tle s • 
small amt of 
• 
1084 0%· coal; 50° shale and clay 
1107 - luish grays ale, a few fra 
1110 5% coal, 85 gray ss. ands 
1189 luish grays ndy shale 
al at base 
1234 ray ss., mic ceous, med. gr 
1295 ark sandy mi aceous shales 
1415 s. and sandy shales, inters retif ed 
1521 ·hite quartz s., many pebbl laye sin pper pert 
1530 ark gray sha e, 10% gray ss 
1663 ight gray to light bluish gay ss, gen rally fine gr. 
1674 0% ss; 50% b uish gray send shal 
1874 luish grays ale with varyi 
ine grained s. 
1886 luish grays ndy shale 
1940. luish grays ale with thin 
tratified 
2002 luish grays ale 
nts o bluish gray 
/-~ 
ained ss., inter-
027 Vi ite to ligh gray med gr s • 
014 0% light buf ss. 70% bluis gray~shale 
042 0% light buf fine gr ss. 9 ·o blu · sh grey shale 
286 iefly bluis grey shale; so e th~n bed of brown shal1 
299. % dark brow shale 10fo bluish gr~y she y ss. 
312 % dark blui h gray shale; 4 % fiJe gra·ned ss. 
343 rk bluish gay sandy shale 
353 0% gray broVin fine gr. ss; 0% dark bl ish grsy shale 
365 0% dark fin gr. shn ly ss., 50% dl9rk ss ndy shale 
395. ark bluish ray shale ! 
412 0% gray fin gr. ss., 90% d rk sh;ale 
751 ark bluish ay shale, some hat s~ndy 
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Formation Top Bottom 
1615 1617 
1617 1645 
l6h.5 1653 
1653 1660 
16&> 1676 
1676 1700 
1700 1705 
1705 1712 
1712 l.717 
1717 1767 
1767 l.777 
1777 1822 
1822 1845 
1845 1865 
H165 1898 
1898 2003 
·• 2003 2026 
2026 2.103 
2103 2110 
Berea Sand 2ll0 l.21 
2121 2129 
2129 2J.37 
2J.37 2154 
2154 2189 
22.00 2209 
2209 2224 
2224 2229 
2229 2238 
2238 2286 
2286 2305 
2305 2335 
2335 2376 
2376 23tltl 
2388 2395 
2395 2h05 
2405 2410 
2410 2505 
Probable base of Mi sis sip ian. S 
• 
2505 2525 
2525. 2547 
2547 26o0 
2600 2625 
2625 2695 
269.5 2710 
Remarks · Formation Top Bottom Remarks 
Sandstone, whi e--10%;Shale, sand dark 90% 
Sandstone, gra, part, grainfree 
Shale and sha.1 sandstone 
Sandstone, gra~--25%;Sha.le--7.5% 
Sandstone, whi e to gray, grain f ·um to fine 
Sandstone, buf 
San:lstone., 
Sandstone, 
No sample 
s 1 stained yellow 
, micaceous 
Sandstone, whi e to grey to light buff 
Sandstone 50%; ShaJ.e--50% 
Sha.le, bluish sand sh lls 
Shale, bluish 
Sha le and san 
Sha.le, bluish ray 
Sr...ale, b.L uish ray, sanciy, micac 
Shale, bluish ray a ni sand she 
Sha.Le, bluish rray, sandy 
Shale, b.luish -ray;75% gray sand 
Sandstone, gr , very fine grain d, mic ceous 
Shale, bluish ·· ay; 20% fine gra. ·ned sa. d 
Smle, bluish ray; 10% sand she s 
Shde, bluish ray; So% sand shells 
Shale, bluish ray 
Shale, bluish ray, and shaly sa dst one 
Shale, bluish ray, and brCTwn bl ck 
~ame, some cal areous and ferrug"nous 
ous 
~hale, bluish ray and brown bla k, 
bnale, b.luish ·ray and brown bla k, mica eous with many 
calcareous pie es 
~hale, bluish ray, sandy to co 
Same 
Shale, 
Sha.le, 
Shale, 
Shale, 
Shale, 
Shale 
tem(?) 
Shale, 
Shale, 
Shale, 
Shale, 
Shale, 
Shale, 
bluish 
bluish 
bluish 
bluish 
bluish 
bluish 
b.Luish 
bluish 
b.luish 
bluish 
bluish 
bluish 
ray, sandy 
ray, sandy-25%;sa d, gra, £ine 
ray, sandy;l0% sa shel~s 
·ray; 10% gray san shell 
ray; 70% gray, fine grai ed san 
ray, sandy I 
ray; 10% red bro shaleJ 
ra.y,.50-75% fine g a:ined andsto 
ray I 
ray, some calcare us pie~es 
ray, sandy i 
ray ! 
! 
! I . , 
rained--75% 
tone 
• 
• 
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